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Summary 
After a consideration of the data secured in this investiga-
tion, the following deductions seem justified: 
A. The method of milking does not influence the milk yield. 
Such variations as are sometimes attributed to a change of 
method are due to other causes. 
B. Mechanical milking equipment needs very careful opera-
tion, otherwise udder troubles are likely to increase. 
C . Mechanical milke·rs are commonly allowed to remain on 
the cows too long. Observations indicated that from four to 
six minutes are as long as they should operate. Stripping 
after the· milker is removed should always be practiced. 
D. Milk with a low bacterial count can be produced by 
either method of milking if sanitary precautions aire taken in 
the care of all equipment, whereas, only temporary neglect with 
the milking machine will cause bacterial counts to run very high. 
E. Sediment tends to be less in the case of machine-drawn 
milk, altho samples taken when the teat-cups have dropped off 
show a large amount of sediment. 
F. The use of a milking machine saves about one-half the 
labor required for milking a herd of 20 or 25 cows. Greater 
saving in labor occurs in larger and higher producing herds. 
G. In a herd of 20 or 25 cows the use of a milking machine 
s·aves about one-quarter 9f the cost of milking. Ec0nomy from 
the use of a milking machine is largely proportional to the size 
of the herd. 
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The Economy and Efficiency of a 
Milking Machine 
BY CHARLES A . MATTHEWS, JOHN M. SHAW AND EARL WEAVER. 
Industry has progressed considerably in substituting mechan-
ical appliances for hand labor, thereby vastly reducing unit pro-
duction costs. In more recent years agriculture has been mak-
ing wider uses of mechanical equipment with the result that 
production has been increased, altho the proportion of agri-
cultural laborers has markedly declined. Kinsma.n1 states that 
within the last 75 years a man 's ability as a :field 
worker on the farm has been trebled. As the future of agri-
culture is studied it seems likely that the greatest opportunity 
for reducing production costs is to increase the output per 
man thru mechanical equipment. It is with a hope of lessening 
labor costs that mechanical milkers are now being installea on 
numerous dairy farms. ' 
Munger2 reports that the milking process represents 41 per-
cent of all labor costs incident to milk production. Therefore, 
if some satisfactory method can be devised to reduce the amount 
of man labor required to produce a given unit of milk, the cost 
can be lowered. This investigation, then, is primarily a. study 
of the value of the milking machine in replacing a portion of 
the wgrk of milking formerly done by human hands. Such work 
must of necessity take into account related problems which in-
clude the effect of the method of milking on the quality of the 
products, as well as any effects whioh may influence the produc-
tive ability of the cows. 
History of Milking Machines 
The study of the development of milking machines is interest-
ing and instructive to one who desires to become familiar with 
the principles involved in modern machines. 
Erf8 and Burkitt4 mention attempts of American inventors to 
perfect machines as early as 1819, but little was done and rec-
ords are few until after the middle of that century. Patent of-
fice records beginning with 1878 carry many descriptions of the 
plans of various inventors, but uccess in the construction of a 
milkincr machine was not easily attained. The variability in the 
size and shape of the udder, the rather nervous temperament of 
the cow and the intricacies of the physiology of milk secretion 
'Kinsman, 0. D. An Appraisal of Power Used on Farms in the United States. 
Dept. Bui. U. S. D . A. 1848. 1925. 
'Munger, H. B. The Cot of Producing Mille Bui. Ia. Agr. Exp. Sta. 197. 1921. 
'Erf, Oscar. Milking Machines. Bui. Kan. Agr. Erp. Sta. 140, 1906. 
•Burkitt, W. MilkinJ!: Machines . Trans. Highland and Agr. Soc., Scotland, 5th 
series 29:229-250. 1917. 
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were factors to which mechanical devices were adapted with 
difficulty. 
During many years various types were tried and di carded. 
Adaptatjons of milking tubes were the first mechanical devices 
to be tried, but these had to be discarded because of injury to 
the eows, spread of infection and little practical usefulne s. 
Pressure milking machines were undoubtedly a step in advance. 
Erf3 describes several models in which rollers, belt , pads, 
plates, mechanical fingers and pneumatic devices applied pres-
sure to the teats, somewhat after the manner of hand milking. 
As late as 1914, Williams, Golding and Mackintosh5 described 
machines of this type in action. These machines failed because 
they were annoying to the cows, complicated and undependable, 
lacked the flexibility necessary to fit variations in the udders of 
individual cows and probably required more work to operate 
than milking by hand. 
Woll and Humphrey6 mention an American patent on a suc-
tion ma0hine as early as 1860. The suction machine copied the 
action of the calf. The first one operated by a continuous uc-
tion, but it became evident that continued suction caused serious 
congestion in the teats. Nevertheless, they were in some degree 
suecessful, for Drysdale7 of Scotland, writing in 1898 and judg-
ing from a contest for milking machines, stated a preference for 
the continuous suction Murchland over Dr. Shields' Thistle, 
which wa.s probably the first practical ma0hine with a pulsating 
device. The Thistle machine was too complicated and, because 
of its extra tubing and intermittent rushes of air, was also in-
sanitary. 
Scotch inventors deserve credit for the development of milk-
ing machines with an intermittent suction. In 1902, a few ;years 
after the patenting of the Thistle milker, Lawrence and Kennedy 
of Glasgow brought out ~he first milker with a pneumatic pul-
sator on the lid. Burrell of New York became interested in this 
machine, installed it in a number of his dairies, made some 
improvements and in 1905 put on the market the first modern 
Ameriean milking machine. 
Today the earliest types are all but forgotten and the ma-
chines now in use are various modifications of the intermittent 
suction type. Many are of the type making use of a central 
vacuum pump and the installation of piping. With these ma-
chines a pulsator is necessary which in some cases is pneu-
matically operated on the lid of the milker pail. A few makes 
•Williams, R . S., Golding, J. and Mackintosh, J. Trials of Milking Machines---
Paper presented at meeting of British Association for the Advancement of Science, 
Australia, 1914. 
•won, F. M. and Humphrey, G. C. Milking Machine Experiments. Res. Bui. Wis. 
Agr. Exp. Sta. 3, 1909. m 
'Drysdale, John, Trial of Milking Machines. Trans. Highland and Agr. Soc. Scot-
land, 5th series 10 :166-181. 1898. 
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have a mechanically operated pulsator at the pump with an 
extra line of piping to carry the pulsation waves to a relay 
pulsator at the teat-cup claw, which gives sharp, definite relief 
to the suction. . 
A few machines make use of individual pumps for each unit, 
opera.ted by attachment to a reciprocating shaft over the stalls. 
These have no need for any other pulsating· device and have no 
vacuum in the pail, the only vacuum being thru the pipe lines 
and in a valve chamber under the lid. Single compartment teat-
cups are used with these machines. The machines with the dou-
ble pipe line always make use of a double compartment Oil' rub-
ber inflation type of teat-cup, and those with the pulsator on 
the lid do so in most cases. ' 
In recent yea.rs machines have been manufactured with an in-
dividual portable pump and electric motor. The releaser sys-
tem has been developed in New Zealand8 foi· use in the milking 
sheds typicaJ. of that country. The milk is drawn by vacuum 
thru sanitary piping to the milk room where the releasing de-
vice allows it to be discharged into the separator tank without 
loss of the vacuum. 
Description of the Machine Used 
The machine used in the experimental work reported here has 
a double pipe line, a pulsator at the pump, rubber lined teat-
cups and an alternating suction action. Pulsations origina.te in 
a mechanically operated pulsator at the vacuum pump and have 
a normal rate of 48 pulsations per minute. Two pipe lines run 
from the vacuum pump and master pulsator to the cow stalls. 
One is the vacuum line caITying a constant 15 inches, of vacuum 
The other is the pulsation line which carries the alternate waves 
of vacuum and r elease. This operates the udder pulsator on the 
teat-cup claw, as vrnll as intermediate relay pulsators if the barn 
requires long lines of piping. The udder pulsator in turn ac-
centuates the periods of vacuum and release in the compart-
ment between the teat-cup shell and teat-cup liner. With the 
release of the vacuum in this compartment the rnbber lineT 
collapses below the end of the teat, shutting it off for the 
moment from vacuum from the main vacuum line. Two teats 
receive a period of release while the other two receive a period 
of suction. 
Outline of the Investigation 
The work in this investigation with a milking machine is 
divided into several phases corresponding to the questions whi0h 
commonly arise <!Oncerning milking machines. These phases of 
the study will be presented as follows: 
•Russell, H. L . New Zealand: the Dairy FlnTm of the British Empire. Hoard's 
Dairyman 70:725. 1925. 
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A. Effect of machine milking on the milk yield. 
B. Effect of machine milking on the cows' udders. 
C. Ra;te of milkin.g by machine. 
D. Effect of machine milking on the number of bacteria in the 
milk. 
E. Effect of machine milking ooi, the amount of sediment in the 
milk. 
F. Laibor saved .by machine milkill>g. 
G. Economy from the use of a milking mac·hine. 
With the exception of rate of milking by machine, each phase 
was studied thru a series of experiments. In this report each 
phase will be discussed by itself, and the results of each experi-
ment and the average result of the series of experiments, will be 
given. Usually, several phases were studied simultaneously dur-
ing the same experiments. · 
'rhese experiments, consisting of alternate periods of hand and 
machine milking, were conducted at -0onvenient times during the 
three years since the machine was installed. And during these 
three years all of the cows in the herd were milked by machine 
except when an experiment necessitated a period of hand milk-
ing. Thus, in the alternate periods of machine and hand milk-
ing, machine milking was the usual method to which the cows 
were accustomed, while hand milking was the unusual. The en-
tire series of experiments covers different seasons of the year, 
includes variations in the plane of production of the cows and in 
the number of cows, and also includes different methods of 
operating· the machines. 
Fig. 1. Device for fil ling milk t ubes 
nnd teat-cups with s terilizing solut ion be· 
tween milkings . None of the solu tion is 
used more than once. 
A. EFFECT OF MACIDN F, 
MILlilNG ON THE MILK 
YIELD 
A series of five separate ex-
periments was conducted in 
which the effect of mach ine 
milking on the milk yield was 
studied. These five experi-
ments cover 25 alternating 
periods of machine and hand 
milking during 51 weeks of 
production. 
In the · first experiment of 
the series one-week periods 
were used. In view of the 
possibility that a sudden 
change in the manner of milk-
ing might produce a ncrvo L1 s 
result affecting the milk-flow, 
the periods in the following 
experiments 1were lengthened 
6
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TABLE I. NUMBER OF OOWS AND THEIR AVERAGE DAILY MILK YIELD 
DURING EAOH PERIOD 
Series 
No . of 
(M and H indicate manner of milking) 
Periods* 
-~-~p_e~-_-, _ __________ _:___!_I_!_ _!_I_!__! __ 
No. of cows_____ ___ ____ ____ ___ _ 25 25 I ?.o 19 1 19 
Lbs. of mi 'k _____ ----- - - -- ---- --~ ~ __:_ ~ __:_ __ _ 
rr No. of cows____ __________ __ __ __ 14 14 14 14 13 13 
Lbs. of milk__ __ _______ _______ __ 22 .4 23.4 20.9 Zl.7 19 .7 17.4 
----------- - - --- ---
Ill No. of cows ___ ___ _________ ___ __ 24 2t 24 'M 24 
Lbs. of milk__ ___ __ _____ __ __ ___ _ 23.6 Z-2 .8 24.6 21.9 20.1 
---1------ ------ - --- - ----·-----
TV No. of cows____________________ 15 15 15 15 15 
Lbs. ot milk __ ___ __ ___ ________ __ 20. 7 20 .1 16.2 14.7 14.8 
-------- ------ ----- - - --- --
V No. of cows______ ______ __ ____ __ 13 13 13 
Lbs. of milk_______ __ _____ _____ _ 27 .2 25.2 23 .3 
*It will be noted tha t the number of p eriods vari ed in t h e differ ent experiments. 
to two weeks; the first week being considered as a transitional 
period and r ecords for the second week only being used in the 
calculations. The fifth experiment of the series is another 
exception, as the periods in this experiment were four weeks 
in length with the first week considered as a transitional week. 
Table I presents the summary of the experimental work re-
lating to the influence of the manner of milking on milk yield. 
The cause of a high average daily production during period 3 
in the third experiment of the series, in which the cows were 
milked by machine, can be explained by the fact that the cows 
were first turned onto spring pasture at that time. This in-
crease was enough to affect the final results of that particular 
experiment, giving an apparent advantage to the machine as ap-
pears in table II. 
Table II compares the average daily milk yield during all 
periods of each experiment in which the cows were milked by 
machine with the average daily milk yield during all periods in 
which they were milked by hand. It also shows the difference in 
production between the hand milking and machin e milking 
periods in each experiment. In no case was there a significant 
difference in production. 
The average daily milk yield for the series of experiments was 
20.22 pounds while the cows were being milked by machine and 
7
Matthews et al.: The economy and efficiency of a milking machine
Published by Iowa State University Digital Repository, 1927
208 
l'ABLE II. EFFECT OF THE METHOD OF MILKING ON THE MILK YIELD 
(M and H indicate manner of milking) 
Average Daily 
Mllk Yield 
Series INo. of 
iExeriment 
M 
Lbs. 
r_________ __ ______ __ 14.8 JI_____ ______ ___ ____ 21.0 
llIJ_____ ___ ____ _____ 22.8 
JV_ __ __ ____ ________ 17.2 
v __ ___ ___ ____ ----- , 25.3 
H 
Lbs . 
15.1 
20.8 
22.4 
17.4 
25 .2 
Difference In 
Fa.vor of 
M H 
Lbs. Lbs. 
0.3 
0.2 
0.4 
0. 2 
0 .1 
~~~-1-~~~-1-~~~ 
Average ___ ! 20.22 20.18 0.04 ___ _ 
'l'otaL _____ ------------ ------------ ------------ ----------- -
Number of Cows Show-
ing Greates t lield 
•With 
M 
7 
6 
18 
8 
6 
45 
H 
12 
7 
6 
7 
7 
20.18 pounds while they were being milked by hand. This dif-
ference of only .04 pounds is insignificant. Hence, no conclusion, 
other than that the method of milking has no effect on the herd 
production, was justified. 
It may be observed that some cows, accidentally or otherwise, 
produced more during hand milking periods and some produced 
more during machine milking periods. This individual response 
of the cows in each experiment is shown in the last two columns 
of table II. For example, in the fo·st experiment of the series 
12 of the 19 cows used for all five periods had higher produc-
tion during hand milking and 7 had higher production during 
machine milking periods. In summarizing the results of all the 
experiments it was found that 39 cows produced more milk dur-
ing hand milking periods and 45 produced more during ma.chine 
milking periods. While the average results of a group of t:ows 
in one experiment may have been in favor of hand milking, not 
all of the cows iri the group reacted in the same way to the man-
ner of milking. 
A special study of the individual reaction of cows to machine 
milking is made · in table III. This tudy is based on the data 
obtained in the fourth experiment of th e series where, in com-
paring an five periods, seven cows produced more while being 
milked by hand and eight cows produced more while being 
milked by machine. The average daily production is also given 
for the preliminary as well as for the test week 0£ each period 
to show the effect of the change in the manner of milking. It 
will be observed that the change exerted no effect. Furthermore, 
in comparison with other variations, those variations which may 
be attributed to the manner of milking are negligible. The re-
8
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Fig. 2. Average daily production of cows in exper iment IV. 
sults of this experiment on this phase of the problem are typical 
of those secured in all the experiments. 
Since it may be rather difficult to grasp the significance of 
the figures as presented in table III, fig. 2 has been prepared to 
show the curve of the average daily production for each week 
of the fourth experiment of the series. The chart is divided for 
weeks on hand milking and for weeks on machine milking. 'rhe 
dotted, nearly horizontal, line reveails the normal decline in pro-
duction that would be expected upon the application of the so-
called persistency index ratio (P. I. R. ) as suggested by Turner.9 
The solid irregular line is the curve of average daily production 
TABLE Ill. AVERAGE DAILY PRODUCTION OF COWS IN EXPERIMENT IV 
P eriod 1 Period 2 P eriod 3 P eriod 4 Period 5 
- -----------
Oow Machine Hand Milking Machine Hand Milking Machine 
No. Milking Mflldng Mi lking 
1st Wlc 2d Wk· llst Wk. 2d Wk. l s t Wk. 2d Wk . 1st. Wk 2d WK. 1st Wk. 2d Wk . 
--- --- - - ---
--
----
300 ______ 17 .9 18.6 17 .8 16.9 14.7 12.6 10.3 6.8 3.9 1.5 319 __ ____ 15.7 13.8 13.7 13.4 11.0 9.8 7 .7 6 .2 4 .1 2.7 rn; __ ____ 14.~ 14 .4 13.9 12.7 12 .7 12 .0 10.1 10.7 10.2 10.1 480 ______ 20.8 21.4 21.9 21.7 18,4. U.1 10.4 7.9 6.2 L6 497 ___ ___ 11.1 I 
11 .2 11.l 13 .3 11 .7 10.0 9.9 8.2 10. 5 11. 2 540 ______ 
'!fl.9 29 .3 27.2 26 .3 24.3 21.4 17.4 18.1 16. 3 16.7 
002 ______ 19.4 I 13.1 '19.1 18.9 17.0 15.5 14. 5 14.0 14.0 14 .2 565 ______ 13.5 I 17.4 12.8 11.3 9.2 7.2 6.1 5.9 7.3 6 .0 571 ___ ___ li>.O ; 18 .9 20.9 ! 19.8 W.3 17.2 17 .s 18.4 20.0 20 .0 fR/7 __ __ __ 30.9 I 31.4. 31.5 30 .3 28.0 28.2 28 .1 28.S '%/.7 29 .0 613 ______ 12.9 13.6 U.2 13 .8 12.7 10.8 10.3 10.6 10.6 11.1 618 ______ 18.4 I 20.3 19.7 18.5 17.1 14 .2 13.8 13.5 14.7 15 .6 620 ______ 16.5 I 18.0 17.4 17.8 16.0 15. 1 14.1 14.3 1 15.6 15.7 I &?T ______ 33.6 I 33 .7 34.8 34.5 29.6 26.21 2l .9 28.9 28.7 31.7 658 ___ ___ 37 .5 36.2 30.3 3!.4 31.3 27 .9 28.2 28.5 28.2 31.6 
---- ---- --- - -
A.verage 2.0.6 l 20.8 I 2.0.8 20.1 18.2 16.2 14.9 H.7 14 .6 14.8 
"Turner, C. W. A Quant1tat1ve Form of Expressing Pers1stency of Milk and Fat 
Sec1·etion. Jour. Dy. Sci. 9:203·214. 1926. 9
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per cow. · The two lines indicate that the cows declined in pro-
duction more rapidly than was predicted by the use of the per-
sistency index ratio, but it is evident that some cause other than 
the method of milking was operating to affect the quantity of 
production. 
These studies on production indicate that the quantity of milk 
produced is not affected by the use of milking machines. What-
ever variation occurred during the various trials was accidental 
or induced by some other cause. Over a considerable number of 
trials these slight variations were balanced. 
B. EFFECT OF MACIDNE MILKING ON THE COWS' UDDERS 
Since the machine was installed in the barn, unbalanced quar-
ters and udder troubles haYe been more common in the herd. 
How much of this difficulty can be attributed to the machine is 
a question. It appears that mistakes in operating rather than 
defects in the machine are responsible. F .or effective work in 
milking, the machine must be kept in good order. If a teat-cup 
liner is not right, one quarter of the cow is not properly milked. 
Then, the operator, who must move rapidly to keep two units 
going and to weigh the milk from each cow, may not give suf-
ficient attention to this quarter and trouble results. 
In larger herds in which milking machines are used, the best 
man available generally operates the machines. Some other man 
then hand milks the strippers and the cows that are being dried 
up. The second man's duties are general and numerous. Often 
he is not especially capable in handling cows that are being dried 
up, yet he handles all of them and this increases the difficulties. 
Some of the cows used in this work were not properly handled 
at this stage. Apparently the situation attendant with the use 
of the machine led to som.e udder trou'bles, but it is believed that 
when proper precautions a:re employed in handling a milking 
machine there is no more 1ikeli!hood of such difficulties than there 
is with hand milking. 
C. RATE OF MILKING BY MACHINE 
A study was made of the rate at which cows were milked by 
machine. The milker pail was placed on a scale during the 
milking process and scale readings of the amount of milk if 
the pail were r ecorded at regular intervals. A summary of 
the data so obtained is shown in table IV. 
'Dhe rate of milking shown for each cow is an average of 
observa.tions from several milkings. It was found that the same 
cow milked out at nearly the same rate during each milking. 
The cows were grouped according to their production because 
conclusions which might apply to high producing cows might 
not apply to those of lower production. The rates of milking 10
Bulletin, Vol. 21 [1927], No. 248, Art. 1
http://lib.dr.iastate.edu/bulletin/vol21/iss248/1
211 
Ta J 
I · I · I , 
11
Matthews et al.: The economy and efficiency of a milking machine
Published by Iowa State University Digital Repository, 1927
L6S. 
OF 
11/LK 
14 
12 
10 
6 
4 
2 
GR UP A 
GR UP 6 
G~ P'JPC 
cilj>uP D 
Al £RAC 
4 
lJ ""/ 
(12JLA OROVi 
(QJ-'12 LB.) -
(61-9 LB.) -
(:31-6 ILaJ •• 
I 
/ 
/ •'~ 
~ 
--·/' 
.. ::.-
/ 
212 
v .....-R) t...--
-- - .-
.. _ ... t-··-
/ 
v k-"' 
v i..""'~ -- --
/ ......... 
/ / .. - ..... - ·---· 
-1'~ ~ -
~· 
/"/ 
----
----
--
-- ----
---
.. -... --
F ig. 3. Amount of milk drawn by machine at stnted intervals as affected by the 
quantity of production. 
fo r all cows in each group were averaged. These average rates 
of milking are show graphically in fig. 3. 
It is frequently recommended that the machine be left on the 
cow for five minutes or for some other stated length of time, 
but it is apparent from these results that the proper length of 
t ime varies with the qua.ntity of milk pr oduced. Apparently 
six minutes were justified with the highest producing cows. 
Undoubtedly five minutes would have been long enough fo1· 
the cows in the second group, as very little additional milk 
was obtained after the ·fifth minute. Four minutes were suf-
ficient for the cows in group C. 
Little additional milk was obtained by machine from the 
cows in the lowest production group after three minutes of 
milking. It will also be noticed that even at the end of fiv e 
minutes, the milking· machine had obtained only 80 percent of 
the total amount of milk. This demonstrates the inefficiency 
in the use of a milking machine on low producing cows. 
It will be observed in comparing the last two columns in table 
IV that appreciable amounts of milk remained in the udder 
even after the machine had been milking longer than the op-
timum length of time. This shows that the cows should be 
thoroly stripped after removing the milking machine if pro-
duction is to be maintained and the udder kept in a satisfactory 
condition. 
12
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The quantity of milk produced is not alone a sufficient guide 
to the length of time most desirable for leaving the machine 
on the cow. Individuals differ markedly in the rate at which 
they can be milked. The differences in the rates of milking of 
some cows having a creditable production are shown in fig. 4. 
The highest producing cow, No. 634, milked out rapidly and 
but little milk was obtained by the machine after four minutes. 
Likewise the cow, No. 573, mil!ked out very rapidly. The ma-
chine was left on her about twice as long as necessary. On 
the other hand, the· cows, No. 319 and No. 659, are shown to 
be slow milkers. A machine should be left on these cows for 
as much as five minutes. The rate of milking for cow No. 319 
was very slow at first. However, these results do not reveal an 
adverse reaction of these two cows toward milking machines. 
They likewise milked out slowly by hand. 
D. EFFECT OF MACHINE MILKING ON THE NUMBER OF 
BACTEHiIA IN THE MILK 
A serious question in regard to the use of a milking machine is 
the possibility of its detrimental effect on the sanitary quality 
of the milk produced. For this reason a study was made of 
the influence of the method of milking on the bacterial counts 
and the amount of visible sediment in the milk. 
In caring for the machines the most effective and feasible 
means were employed to wash and sterilize them. The first step 
consisted of drawing dean cold water thru each unit immedi-
ately after milking. Then each unit was rinsed with hot water 
and a washing powder. Once a day each unit was taken aipart, 
thoroly scrubbed with brushes and then rinsed with clean, hot 
water or with cold water to which a hypochlorite had been 
added. The milker pails were washed and steamed lilrn other 
dairy utensils. 
During some of the experiments sterilization was accom-
plished by leaving the teat-cups and all rubber parts immersed 
in a brine aind hypochlorite solution from one milking to the 
next. This solution was made by placing 50 pounds of salt 
into a 20-gallon jar filled with water to within 6 inche. of 
the top, and adding 1 quart of a homemade hypochlorite 
stock solution. Then 1 pint of the stock solution was added 
to the jar once a week in winter and twice a week in summer. 
It was found that an entirely new sterilizing solution shonld 
be made up once a month. 
The hypo0hlorite stock solution was made by dissolving 12 
ounces of chloride of lime in 1 gallon of water in a 2-gallon 
covered crock. 
A commercial hypochlorite may be used to add to the brine 
solution. It is sometimes advisable, however, to use more of 
14
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Fig. 5. Scene in the wash room showing the milking equipment, washed, sterilized 
and ready for the evening milking. The milkers were hung up following hot water 
sterilization. · 
the hypochlorite than is specified in the manufacturers' instruc-
tions. 
Sterilization thru the use of a large jar, such as has just been 
described, has some undesirable features. The solution becomes 
dirty quite readily. Also considerable time and attention are 
necessary. Too often proper attention is not given and the 
effectiveness of the solution is reduced. 
Some of these undesiraible features are removed thru the use 
of a device such as is shown in fig. 1. This device allows the 
sterilizing solution to fl.ow into the milk tubes and teat-cups 
where it remains in contact with the inner surfaces of these 
parts durip.g the interval between milkings. An advantage 
here is that a clean, new solution of known antiseptic power 
is used each time. 
During some of the experiments the milking machines were 
sterilized by the hot water method, with apparently good re-
sults. The teat-cups and rubber tubes were placed in a tub of 
clean water and the water was heated by steam to 160° to 180° 
Fahrenheit for 20 minutes. The parts were then usually as-
sembled and hung up as shown in fig. 5 until the next milking. 
15
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TABLE V. OOMPARATIVE BAOTERIAL COUNTS 
Manner of 
Milking 
Total 
No . of 
Samples 
Average P ercent 
Range of Individual 
(Joun ts 
<Jount of Other 1- ------
Method Low High 
--- 11-- --- - --- - - - --- ----1----1---· 
Hand 
----------------------
18 199,561 409.6 4,700 1 ,506,000 
Machine 
----- ---- ---- ------
18 43,4'19 21.8 5 ,650 1<>!,000 
II Hand 
- ------------------ ---
20 1,803 133.8 
Machine 
----------- --------
24 1,351 74.7 (data not (data. not 
a.vailable) availa.ble) 
II[ Hand 
----------------- -----
40 1,974- 121.9 
Machine 
---------- ---------
40 1,619 82.0 
IV Ra.nd 
- -- -- ---------- ------- 20 3,335 68.6 950 7,950 
Machine 
----------------- -- 19 4,863 145.8 1,050 14 ,600 
v Hand 
----------------------
39 1,105 12.2 HO 5,1>10 
Machine 
- -- ---------------- 40 9,00! 823.0 125 99,467 
ViI Ha.nd 
----- ---------- -------
40 931 00.7 90 3,725 
Machine 
------- - - ----------
80 2,847 305.8 91 i>S,500 
--- -------
Average Hand 
----------------------
S'l.l 
Machine 
-------------------· 
121.9 
During the summer they were covered with cheesecloth while 
hung up to protect them from the flies. If the water must 
be heated over a fire, it is better to bring it to boiling and then 
remove it from the fire before placing the milker parts in it. 
During a series of six experiments, bacterial counts were made 
of samples of milk taken from the pail immediately after each 
cow was milked. A comparison of the bacterial counts of milk 
drawn by each method is given in table V. The machine drawn 
milk had the lower counts in experiments I, II and III of the 
series, while in experiments IV, V and VI lower counts were 
obtained with hand milking. The very high counts occurring 
during the first experiment of the series should be largely at-
tributed to a different method of handling the milk samples 
for making the bacterial .counts rather than to careless handling 
of the milk and the milking utensils. 
In combining the results of all experiments there is found a 
tendency for the machine drawn milk to carry a higher bacterial 
content than the hand drawn milk. The counts for hand drawn 
milk averaged but 82.1 percent as great as the counts for ma-
chine drawn milk. Nevertheless, the bacterial counts for the 
machine drawn milk were seldom high enough to cause milk of 
inferior quality. However, teIQ.pora:ry neglect in the care of 
the milking machine resulted in a detrimental effect on the qual-
ity of the milk. This is shown in the last column of table V 
where, with the exception of the first experiment of the series, 
an occasional sample was obtained from machine drawn milk 
with bacterial counts much higher than any from milk drawn 16
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TABLE VI. BACTERIAL COUNTS OF MILK DRAWN FROM FIRST COW 
MILKED COMPARED TO THOSE OF MILK FROM 
SECOND COW MILKED 
P eriod 1 
Machine m ilking ---------- -------- --------------
Period Z 
Rand milking --------- __ --- - ----- ____ -----------
P eriod 3 
Machine milking ----------- -- ---- - --------------
First Gow 
Milked 
9,39..8 
640 
2,632 
Second Cow 
'Milked 
961 
657 
1,281 
by hand. It seems that carelessness in the handling of milking 
machines has a much more serious effect on the quality of the 
milk than the same degree of carelessness in the handling of the 
hand milking equipment. 
A study was also made during the sixth experiment of the 
series to lea:rn the effect of the condition of the milking machine 
on the milk of the first cow milked. The results are shown in 
table VI, where each count reported is an average of eight or 
more milkings. 
'l'be milk of the first cows milked had an average count of 
640 when milked by hand and average counts of 9,328 and 
2,632 when milked by machine. This is the result of a large 
number of bacteria developing in the milker while it was hung 
up between milkings and being washed off into the milk of the 
first cow milked. Undoubtedly, a pTactice of rinsing the milker 
with water before milking would have improved the sanitary 
quality of the milk produced. 
With only an occasional exception, cows were milked in the 
same order in each period. Thus the cows that gave the aver-
age bacterial counts of 9,328 and 2,632 with machine milking 
were the same cows that gave the average count of 640 with 
hand milking. 
E. EFFECT OF MACHINE MILKING ON THE AMOUNT OF 
SEDIMENT IN THE MILl{ 
The presence of visible sediment in milk renders it very ob-
jectionable to the consumer. The method of milking does not 
determine whether the milk so produced will be scored high or 
low. Rather, the care exerted by the milker or operator de-
termines this. By the use of semi-covered pails in the case of 
hand milking and by care that the teat-cups do not fall off 
when a mechanical milker is in use, this problem will be largely 
solved. 
17
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TABLE VIL SUMMARY OF STUDIES MADE ON OOMPARATIVE SEDIMENT 
TESTS 
Series 
·~o. of 
Experi-
ment 
"Manner of 
Milking 
Tota.I 
l:s'o . of 
Samples 
Average Percent 
Range of Individual 
Scores 
Scores of Other 1- -----
Mlethod Low \High 
--- -: --------- - - ----------:-----1----
I 
II 
rm 
IV 
v 
V:I 
Hand ------- -------- -- -- --- 18 
Machine - ---- ------ --------· 18 
Hand ------------ ----------· 
Machine - -- ----- -----------· 
Hand ----- ---- -- - - ---------· 
Machine -------- -----------· 
H.a.nd ------------- - ---- ----
Machine ----- --- --- - --- ----· 
Han<i ------------ ----------
Machine ----- -------- ----- -
Hand ----- ---- ---------- ---
Machine ---------- - -- ----- -
20 
u 
40 
40 
20 
20 
37 
40 
40 
80 
6.fil 
6.31 
7.03 
7.70 
7.61 
7.$3 
8.34, 
8.45 
7.32 
7.66 
6.84 
7 .61 
98.4 
101.6 
91.3 
109 .il 
97 .2 
102.9 
98.7 
100.3 
95.6 
lQi.7 
89.9 
111.2 
3 .00 
3.25 
7. 75 
9 .25 
(Origin l\l 1 ('Orig inal 
data not I data not 
available) I' available) 
7 .50 9.()() 
7 .25 9.25 
I 
5 .00 8. 75 
6.00 8.75 
3.00 
6.50 
8.25 
8.75 
---·1------ --------------- - 1-----1----
Avera.ge Hand ----------------------· 
Machine ------- ------------ · 
7.23 
7 .59 
95.2 
105.1 
Table VII summarizes the data from the various experiments 
on this phase of the question. 
The average score for all machine-drawn samples, based on 
10 as a pedect score, was 7.59, wher eas the score of all hand-
drawn samples was 7.23. Thus t he machine-drawn samples 
scored .36 of a point higher than the samples of hand-drawn 
milk. 
The accompanying pictures of sediment samples indicate that 
by either method clean milk ca.n be produced and likewise that 
by either method milk high in sediment content is produced if 
proper precautions aTe neglected. 
In these pictures the cow's herd number is given above the 
sediment test pad and the sco["e is given below it. C refers to a 
composite sample taken from the strained milk of all cows. 
There will be observed in fig. 7 a striking difference in the 
amount of sediment in the milk of cow No. 391 drawn by ma-
chine on August 6, 1924, and the amount of sediment in her 
milk on August 14, 1924. A similar difference is shown in fig. 
6 to have occurred when this cow was milked by hand. H er 
milk from the first milking on August 5, 1924, was scored at 
7.50, but on August 7, 1924, it was scored at 3.00. 
These and other examples in the two figures show that milk of 
poor or excellent cleanliness may be produced by either method. 
Attention and ca.re are more important than the method of 
milking. 
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In this work it was found that the amount of sediment in milk 
bears no relationship to the number of bacteria present. 
F. LABOR SAVED BY MAOHINE MILIUNG 
The possibility of saving labor on a dairy farm thru the use 
of a machine is the factor which largely determines whether 
or not it will be used. It is not sufficient that a machine only 
do the milking with a smaller expenditure of labor. For actual 
economy the labor so saved must be turned to other tasks or 
else dropped from the pay-roll. It is the purpose of these ex-
Fig. 6 . Sediment sa,mpl es from milk drawn by h nnd. 19
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Fig. 7. Sediment samples from milk drawn by machine. 
periments on the labor r equirements with a milking machine 
to determine how gr eat a saving in la'bor may be expected from 
the use of the machine. 
Th ere was a series of six experiments in which the labor re-
quired to milk a group of cows by machine was compared to 
the labor required to milk the same group by hand. The milk-
ing by each method was done by students r egularly employed 
to milk the station herd. They were good hand milkers but not 
except~onally fast, and they proved to be capable at operating 
the machines. Each man stripped the cows as well as operated 
the milking machine. There was a very defini te preference of 
20
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the milkers toward the use of the milking machines. During 
the alternating periods of hand and machine milking they con-
sidered it drudgery to have to milk the herd by hand. Generally 
cows producing less than 10 pounds of milk daily were milked 
by hand and are not included in the comparison. 
It is well kn-0wn tliat it requires longer to wash, sterilize and 
care for a milking machine than it does to do the same work 
for the utensils used in hand milking. In fact, it was found 
in these experiments that when the machine milking was done 
by two men using two units each and the hand milking was 
done by four men, 79 minutes a day were required for the care 
of the milking machine and 33 minutes a day were required for 
the care of the utensils used in hand milking. This extra time 
used in caring for the milking machine s'hould be charged 
against the time it saves while milking the cows. Therefore, 
the c-0mparative labor requirements for this series of experiments 
shown in table VIII are based upon a total including the time 
for washing, sterilizing and caring for the equipment as well 
as the time spent in actually milking the cows. 
It will be observed that in most experiments the cows were 
milked by machine with about half the amount of labor re-
quired for milking by hand. The average of the results of all 
experiments shows a saving of 52.1 percent in labor by the 
use of milking machines. In other words, a man milking by 
machine was able to do in one hour what would require 2.22 
hours by hand. It is also interesting to notice that where a 
man could milk 73 pounds of milk per hour by hand he was 
able to milk 157.5 pounds of milk, or 115.8 percent more, with 
the milking machine. 
The different conditions that prevailed in the separate ex-
TABLE VIII. RELATIVE LABOR REQUIREMENTS OF MACHINE MILKING 
Labor Per ;... Milk Obtained 
0 Week for 
.s ~g~ Per Hour of ~ ... .... Milking Herd Labor '§ ~ "" :; .u"' .. .,. "'"'~ 
... !l 
..,,,; :g c ~c., f!E O""' ~1 O,!< "' '!> 't:loS .al '§ Z'§ ... ~ i:; o~ lhl!D os 
""" 
c 
"'"'°' 
,,; 
Z;:: °'O ., 0 .,,,, .., ... .c "' :9 
.S . ., s:z .E ... bD·- ~"' .Q .9;:; cO .,,Cil 8 c'Oi"' gi"' 0 fa .,..., 't:I ~i 
"" 
g~~ ~~ ,_,i;:o '§ 0 g~~ .c"' ·- ~ ~ c <>.0 o~ .,o ., .Q "'H ., .. ~ :;,.g 8 :;, .. ;>"::l 
"'°' 11,l z ~ <!j ::i1 ~ ~ ~ ~ )1 ~ 
I 
I 2¥,, 14.6 2'2 34.4 17 .6 48.8 1.95 <!l.4 13'1.4 95.0 
II 2 22.2 19 32.9 
I 
13.9 57.8 2.37 <!l.5 153.2 127.0 
Jl[[ 3 26.7 2! 56.0 16.3 70.9 3.44 88.4 W.6 180.1 
rv 2 22.4 Z4 63.9 26.7 50.5 2.02 70.7 146.4 107.1 
v 2 16.6 17 29.1 1 19.2 84.0 1.52 65.2 106.9 64 .0 
VI 2 Z4.2 28 60.3 29 .7 00.7 2.03 78.6 159.5 l O'l .9 
------
----------
Average 21.1 22 44.4 20.6 52.1 2.22 73.0 157.5 112.7 
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TABLE IX. LABOR BFFICIENCY .AS DEPENDENT ON THE SIZE .AND 
PRODUCTIO N OF THE HERD 
Experiment V 
17 Oows 
16.6 Lbs . Milk 
IDaJ!:v 
Hand Machine 
MHking Millk:ing 
·Experiment VI 
28 Oow~ 
24.2 Lbs. Mllk 
iDally 
iHand! Machine 
Milking Milking 
--------- - - ------- --------- ----
Milking only, per cow per da.y __________ Min. 
Milking only , for h erd per week _______ __ Hours 
Washing utensils, for herd per week ____ Hours 
Total for h erd per week ______ ____ ____ ___ Hours 
Total per cow per week _______________ ___ 
1 
!Hours 
Tota.I per cow per day ____________ ____ ___ Min . 
Saved by machine, per cow per d ay __ ___ Min. 
Percent sa.ved b y macbine ________________ I 
13.4 
26 .5 
2.6' 
29.1 
1.7 
14.7 
6.9 
13.7 
5.5 
19 .2 
1.1 
9.7 
5.0 
17.3 
56.5 
3.8 
60.3 
2.2 
18.5 
6.3 
20.5 
9.2 
29.7 
1.1 
9.1 
9.4 
------- ------
34 .0 50.7 
periments allow an opportunity to study the factors influencing 
the amount of labor saved by milking machines. During the 
:first experiment of the series two men were employed to operate 
:five machines. This was found not to be a successful combina-
tion. The work was not done so smoothly and the results show 
a lower percentage of labor saved than when two units were 
used. One man operated three units in the third experiment 
with all appearances of excellent results. However, it is nec-
eS'Sary for the man using three units to race thru his work un-
less there are high producing cows, as there were in this experi-
ment, for then, the machines do not have to be changed from 
one cow to another so frequently. For most situations it was 
found .more saitisfactory for one man to use two units. 
The lowered comparative labor efficiency of the milking ma-
chines occurring in the fifth experiment of the series, shows 
the importance of the size of the herd aind the quantity of pro-
duction in determining. the advisability of using machines. In 
table IX is given a detailed comparison between expeTiment V 
and experiment VI of the series. More and higher producing 
cows were used in the latter experiment. The machine milking 
was done by one man in experiment V and by two men in ex-
periment VI. This meaint that there was twice as much milk-
ing machine equipment to wash m the laitter experiment. 
Nevertheless, it did not require twice the time to care for this 
additional equipment. 
It was found that the milking machines saved 34.0 percent 
of the labor of hand milking in the smaller, lower producing 
herd and 50.7 percent in the larger, higher producing herd. 
The extra amount of labor required m giving milking ma-
chines the proper amount of care makes their use more prac-
tical in larger herds. 
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G. ECONOMY FROM THE USE OF A MILKING MAOHINE 
The greatest hindranee to the economy of a milking machine 
in a small herd is the large investment required for its pur-
('.hase and upkeep. It requires a considerable saving in the 
wages of milkers to balance this cost. 
Data were secured during the three years covering these ex-
periments from which it was possible to determine the overhead 
cost of milking this herd consisting of an average of 22 cows. 
The initial inventory value on the machine was $525.00. The 
rate of depreciation of 10 percent g'ives an annual charge for 
depreciation of $52.50. Interest was charged at 6 percent on 
the inventory value at the beginning of each year. This gives 
an average yearly interest cost of $28.35. The electric power, 
at 21/2 cents per kilowatt hour, cost $45.32 yearly, while the 
average annual cost of repairs and replacements was $46.44. 
This makes a total annual cost for these items of $172.61 or a 
weekly equivalent of $3.31. 
From the data of table VIII, it is observed that in a herd 
in which 22 cows are being milked it requires 44.4 hours of 
labor per week for hand milking and 20.6 hours for milking 
by machine. The weekly labor cost for milking the herd by 
hand is $11.10 and for milking by machine is $5.15. To this 
latter figure is added the weekly overhead cost of the machine 
of $3.31, giving a total cost for machine milking of $8.46. 
Thus there is a weekly saving in cost thru machine milking 
of $2.64 or 23.8 percent. It is noted that there was a saving in 
labor only of 52.1 percent. 
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